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The purpose of this investigation was to study the 
distribution of metallic particulates in the air surrounding 
the M1AX Lead Company of Missouri smelter in the "New Lead 
Belt" of southeast Missouri. The study included the evalua-
tion of the temporal and spatial variation of dustfall and 
deposition rates of settleable particulate lead, zinc, copper, 
and cadmium, and transport and distribution of total suspended 
particulates and suspended particulate trace metals. 
The study was conducted within a 3 x 3-mile grid around 
the smelter employing twenty dustfall stations and five 
HiVolurne samplers. The samples collected were analyzed for 
lead, zinc, copper and cadmium with atomic absorption 
spectroscopy. 
The dustfall reached a highest value of 56 g/m 2 -mo in 
February but the maximum settleable particulate lead deposi-
tion rate of 239 mg/m 2 -mo occurred in December. The deposi-
tion rate of lead, zinc, copper, and cadmium was in the 
same decreasing order as found in the lead ore concentrate. 
The deposition rates of settleable dust and trace metals were 
found to decrease as the distance from the stack increased; 
this decrease followed a logarithmic law. This investigation 
also indicated that there is a potential danger of the lead 
contamination of air surrounding the AMAX smelter due to 
occurrence of elevated levels as much as 32 ~g/m 3 lead. 
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I. INTRODUCTION 
The "Viburnum Trend" or "New Lead Belt" of southeast 
Missouri became the world's largest lead producing region 
with the production of 432,576 tons (392,346 metric tons) 
of lead during 1970 (l). The lead production increased to 
495,000 tons (449,047 metric tons) in 1972 {2) and 488,200 
tons (443,010 metric tons) in 1973 (3). This increase was 
due to the richness of natural resources and the development 
of modern technology. The advanced technological innovations 
such as updraft sintering, air pollution control, vacuum 
dezincing, and continuous tapping were combined for the first 
time into a single operation at the AMAX Lead Company of 
Missouri smelter and these advances made possible increased 
l e ad production (4). 
The increased lead production in the "New Lead Belt" 
area caused pollution problems in the area immediately 
surrounding the smelter. The most common effect was found 
t o be the discolora tion on the f oliage o f the tre es growi ng 
within a three-mile area surrounding the smelter (5). Other 
res e arch findings (6) also showed stre am and soil polluti on 
with t race me tals due to the industrial and mini ng a ctiv i tie s. 
The pollutants from smelting operations discharged into the 
atmosphere include sulfur dioxide and particulate trace 
me tals. The AMAX smelte r has two main control syste ms, 
a b a g h ouse f o r particulate c o llection a nd a s u lfu ric acid 
plant for sulfur recovery (7) . The company has spent 
about $4.5 mi lli on in the design and construction of 
2 
pollution control facilities (5). 
The study reported here is a part of the research 
conducted to investigate the effect of lead mining and 
smelting operations on the environment under a National 
Science Foundation Research Applied to National Needs (RANN) 
program grant in cooperation with AMAX Lead Company of 
Missouri, U.S. Forest Service, and other federal agencies 
( 6) • 
The main purpose of this research was to study the 
distribution of heavy metallic particulates surrounding the 
AMAX smelter located near Boss, Missouri, and specifically: 
(1) to evaluate the temporal and spatial distribution 
of the total settleable particulates, settleable particulate 
lead and other trace metals in the area around the smelter, 
and 
(2) to study the transport and distribution of the sus-
pended particulates, suspended particulate lead and other 
trace metals. 
In order to achieve the above objectives, twenty dust-
fall stations, five HiVolume samplers, and meteorological 
stations were established surrounding the smelter area. 
Meteorological information was also obtained from the AMAX 
weather station. The plant operation schedule and other 
specific conditions were obtained from the AMAX smelter 
records. 
The work performed included the collection of dustfall 
samples once a month, and suspended particulate samples 
3 
twice a month. The heavy metals analysis for the above 
samples was conducted by atomic absorption spectroscopy at 
the University of Missouri-Columbia. The computer faci-
lities at the University of Missouri-Rolla were used to 
handle the data. 
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II. REVIEW OF LITERATURE 
Research findings and existing knowledge concerning the 
temporal and spatial distribution of dustfall and settleable 
particulate trace metals, the transport and distribution of 
suspended particulates and particulate trace metals from 
lead smelting industries and other sources are presented in 
this chapter. 
A. Temporal Distribution of Dustfall and Settleable 
Particulate Trace Metals 
Diurnal, weekly, monthly and yearly variations of dust-
fall in the ambient air are dependent on the industrial 
activities and meteorological conditions. Hizagy (8) and 
Abdel Salam and Sowelim (9) studied the temporal distribution 
of dustfall in 1960 and 1962, respectively, in the city of 
Cairo, Egypt. Abdel Salam and Sowelim reported dustfall 
values of 120 tons/sq mi-mo (42 g/m2 -mo) in an industrial 
area, and 190 tons/sq mi-mo (67 g/m2 -mo) in a residential 
area with industrial activities, respectively, during March 
and December of 1962. The dustfall results of 1962 were 
reported to be lower than those of 1960, and the reduct ion 
in dustfall over this 2-year period was attributed to the 
developments in control technology. Regardless of this 
reduction, the monthly variation of dustfall in the industrial 
area was not uniform. 
5 
Keagy, et al. (10) studied the monthly and seasonal dust-
fall variation in Nashville, Tennessee, with 119 stations 
randomly selected in different parts of the city. The study 
showed low dustfall during the winter season and maximum in 
the spring. There was no particular reason given for such 
seasonal trends. The results were the mean values of water 
insolubles dustfall only over a period of one year. 
To study the temporal distribution of settleable partic-
ulates arid particulate trace metals, forty dustfall stations 
were selected at different distances and in different direc-
tions of the area surrounding the American Smelting and 
Refining Company (ASARCO) smelter in Helena Valley, Montana 
(ll). The main sources that emitted the pollutants were the: 
l) lead smelter, 2) zinc recovery plant, and 3) paint 
pigment plant. In this industrial complex, for a station 
located 2600 ft and 2° bearing from the stack, the total 
dustfall in June and July 1970 were found to be maximum but 
it was low in August and October 1970. However, this was not 
true for other stations located in various directions. 
Settleable particulate lead was maximum in October at a 
station located 2000 ft and 112° bearing from the smelter. 
Table I showing five months of data indicated large varia-
tions in total settleable particulates and settleable partic-
ulate lead, zinc and cadmium. 
The National Air Pollution Control Administration 
criteria document (12) reported that the monthly variations 


















Table I. Settleable Particulate Summary at 
Helena Valley, Montana (11) 
1 2 3 4 
0.8mi;34o 2.5mi;l05° 0.4mi;ll2° 4.5mi;274° 
Total Settleable Particulates, g/m 2 -rno 
2 2 3 5 
3 2 2 2 
3 2 2 3 
- - - 1 
- - - 1 
Settleable Particulate Lead, rng /rn 2 -rno 
3 1 54 1 
19 4 106 4 
10 3 5 3 
19 1 63 7 
40 10 108 7 
Settleable Particulate Zinc, mg/m 2 -rno 
5 3 29 9 
13 4 29 5 
7 2 26 2 
12 1 13 5 
6 3 7 2 
6 
6 






















Table I. Settleable Particulate Summary at 
Helena Valley, Montana (11)-continued 
Settleable Particulate Cadmium, mg/m 2 -mo 
0.0 0.0 2 0.1 
0.5 0.1 3 0.1 
0.2 0 . 1 1.6 0.1 
0.5 0.3 1.2 0.2 







mean during the winter season in Leicester town. 
B. Spatial Distribution of Settleable Particulates and 
Settleable Particulate Trace Metals 
The dustfall decreases with increasing distance from the 
source of pollutants, but no definite relationship exists 
between dustfall, wind direction and distance from the stack 
( 11) . Wind, rainfall and plant operations are the controlling 
factors affecting the frequency and degree of pollution. A 
study conducted by the EPA (11) indicated that the deposition 
rate of settleable particulate lead increased drastically in 
the proximity of the East Helena industrial complex. Maximum 
settleable particulate lead deposition rate of 108 mg/m 2 -mo 
was found at 2000 ft and 112° bearing from the stack; however, 
the settleable particulate zinc and cadmium deposition values 
were not the highest. The total dustfall, and dustfall zinc 
and cadmium were found to be maximum at 2500 ft and 2° bearing 
and were 8 g/m 2 -mo, 88 and 3.3 mg/m 2 -mo, respectively. The 
isopleths showed that the settleable particulate lead deposi-
tion rate was 30 to 140 mg/m 2 -mo within a 2 sq mi area and 10 
to 13 mg/m 2 -mo from 2 to 8 sq mi surrounding the smelter. The 
isopleth for dustfall zinc showed 30 to 90 mg/m 2 -mo from 1.5 
to 8 sq mi. The study also showed that 1 to 4 mg/m 2 -mo of 
settleable particulate cadmium was deposited on 1.5 sq mi and 
0.1 mg/m 2 -mo was deposited over an area of 60 sq mi. 
Keagy, et al. (10) studied the spatial distribution of 
dustfall in Nashvi~le, Tennessee. The isopleths from their 
9 
study indicated an erratic pattern of distribution of the 
geometric mean values of total dustfall. Their work indicated 
that with smaller sampling networks, there is a possibility 
of erroneous spatial distribution pattern, and large net-
works give better estimates. 
C. Transport and Distribution of Suspended Particulates and 
Suspended Particulate Trace Metals 
Generally wind behavior, ambient temperature, terrain, 
vegetation and exit velocity and temperature of flue gases 
from the stack play an important part in the transport and 
dispersion and hence, affect distribution of suspended 
particulates in the atmosphere (11). The U.S. Environmental 
Protection Agency (EPA) studied the transport and distribu-
tion of the suspended particulates in Helena Valley, Montana 
(11) employing five HiVolume air sampling stations. This 
study reported that in the smelter complex, the total sus-
p e nded part i culates (TSP) concentration was 47 ~g/m 3 
(geometric mean) at a 0.4-mile station (112° bearing), and 
136 ~g/m 3 (geometric mean) at a 0.5-mile location (2° bearing). 
The highest mean concentrations of suspended particulate lead, 
z i nc a nd cadmi um we re 3.8, 3.3 and 0.3 ~g/m 3 , r e spective ly, 
at the nearest station (0.5-mile, 2° bearing) that also had 
the highest mean TSP of 166 ~g/m 3 • To avoid the erroneous 
s ampling, gla ss f ibe r a nd me mbra n e f ilters we r e use d during 
this study. The TSP values obtained on the membrane filter 
were lower than those obtained with the glass fiber filters. 
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The suspended particulate lead, zinc and cadmium concentra-
tions were very high within half-a-mile but they decreased 
beyond one mile from the source. 
Besner and Atkins (13) studied the transport and dis-
tribution of suspended particulate lead near a heavily 
travelledhighway. Three locations were selected for six 
HiVolume stations at different heights. The suspended par-
ticulate lead values were maximum during the peak traffic 
hours. They reported that the ground level suspended par-
ticulate lead concentration was higher than at the elevated 
station at the same distance. 
Munn (14) studied the daily, monthly and seasonal varia-
tion and distribution of suspended particulates at two dif-
ferent locations in Toronto, Canada. The TSP concentrations 
were found to be lower during Sunday and holidays. The 
monthly distribution pattern showed that the TSP were lowest 
in October and January. This investigation indicated that as 
wind speed increased the suspended particulate loading de-
creased. Also, for wind speeds up to 10 mph, the relationship 
was found to be linear between the wind speed and TSP values. 
Earl and Snyder (15) in studying the baseline concen-
tration of ambient lead aerosol in the Unite d State s, inves-
tigated the correlation between the source and the percent 
suspended particulate lead in TSP. They found that no 
relationship exists between the source and suspended partic-
ulate lead when the regression line is negative, and that the 
suspended particulates were maximum during the winter season. 
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III. DESCRIPTION OF THE STUDY AREA AND LOCATION OF 
MONITORING STATIONS 
This chapter deals with the location in which research 
study was conducted, the types of industries and their oper-
ations, the sources of pollution, and the location of 
monitoring stations. 
A. Description of the Study Area 
The field study was carried out in the area known as the 
"New Lead Belt" or "Viburnum Trend" of southeastern Missouri 
(Figure 1) . This area is located mostly within the bound-
aries of Clark National Forest, and is about 60 miles south-
east of Rolla and about 80 miles southwest of St. Louis. 
The area is densely covered by oak and short leaf pine 
trees, and has undulated terrain with valleys and ridges that 
decide the wind directions and wind speeds affecting the 
transport and dispersion of pollutants from the source. The 
AMAX Lead Company of Missouri smelter is located in the 
study area at an elevation of 1400 ft above the sea level. 
The area climatic conditions are moderate with mild winters 
and humid summers. 
The Buick mine operated by AMAX, and the Magmont mine of 
Cominco American are located at 1 mile south and 0. 4 mile 
northeast of the smelter, respectively. The mine waters and 
tailings from the Magmont mining operations are discharged 
into a tailings pond located 1 mile east of the smelter 
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San Francisco railroad runs immediately by the AMAX smelter, 
Buick and Magmont mines. 
B. Industries 
The AMAX smelter, and the Buick and Magrnont mines are 
the lead refining and mining industries involved in the 
study area. Figure 2 shows the general flow sheet of smelt-
ing operations and Figure 3 represents the mine-mill pro-
duction flow chart of Buick mine. 
c. Pollution Sources 
The pollution sources are the smelting and mining 
operations, railroad operations, truck traffic, piles of 
materials in the smelter area, tailings darn and other 
natural fugitive sources. The emissions from the smelter 
main stack are the flue gases containing SOz and particulate 
pollutants, and SOz and sulfuric acid mist are the main pol-
lutants emitted from the sulfuric acid plant. Additional 
particulates, both settleable and suspended, are contributed 
as wind blown dust by the above mentioned transportation 
activities and fugitive sources. 
D. Location of Monitoring Stations 
1. Dustfall Stations 
In order to study the distribution of total settleable 
particulates and settleable particulate trace metals, twenty 
dustfall stations were selected in a 3 x 3-mile grid 
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Figure 2. General Flow Sheet of the Amax Smelter (16) 
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Figure 3. Mine-Mill Production Flow Chart (16) 
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Table II. Location of Dustfall Stations 
Station Distance From Stack , Relative Bearing, 
No. ft meters Height*, degrees 
1 8000 2438 0 19 
2 6500 1981 -100 304 
3 3800 1158 0 34 
4 3800 914 0 55 
5 1500 4572 -60 0 
6 2400 7315 0 64 
7 6500 1981 -40 77 
8 800 243 -20 88 
9 900 274 -60 300 
10 3200 975 -10 255 
11 700 213 0 158 
12 2900 883 +80 165 
13 5500 1676 - 100 102 
14 7900 2407 -180 258 
15 11500 7620 -220 216 
16 9000 2743 -140 192 
17 8500 2590 +20 165 
18 9800 2987 -10 136 
19 10000 3448 +60 170 
20 8250 2514 -180 335 
* With respect t o the base of the main stack 
17 
surrounding the smelter complex. The location of these 
stations are shown in Figure 4. Table II presents the 
distance, bearing and relative height of each station. 
Station 11 was near the stack and railroad, and station 17 
was also close to the railroad but about 40 ft higher than 
the road elevation. 
Mine tailings pond. 
Stations 7 and 13 are near the Magrnont 
2. HiVolume Air Sampling Stations 
The distribution of suspended particulates was studied 
with 5 HiVolume stations located within a radius of 6000 ft 
from the stack. Figure 4 shows the location of these 
sampling stations. Table III indicates the distance, 
bearing, and direction of each HiVolume station from the 
stack. Station 5 was near the smelter stack and not influ-
enced by the railroad or truck traffic. Station 2 was located 
on the side of a gravel road in the Magmont mine area. 
Table III. Location of Suspended Particulates 
Monitoring Stations 
Station Distance From Stack Direction Bearing, 
No. ft meters Degrees 
1 4250 1749 SSE 162 
2 3875 1627 ENE 78 
3 5250 1140 NNE 32 
4 5750 1280 NNW 335 
5 1140 279 NW 322 
15 
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Figure 4. Location of Dustfall and HiVolume Stations 
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IV. EQUIPMENT AND EXPERIMENTAL PROCEDURES 
This chapter deals with the types of equipment used and 
experimental procedures and method of analysis employed in 
the investigation of the settleable and suspended particulate 
trace metals emitted from the mining and smelting operations. 
A. Equipment 
l. Dustfall Stations 
To measure the settleable particulates loading, twenty 
dustfall samplers were placed at different locations surround-
ing the smelter. Two types of dustfall samplers were used. 
One type consisted of a light-weight polyethylene canister*, 
6.5 in. bottom diameter, 8.5 in. top diameter and 10 in. high, 
mounted on a 6-ft wooden stand with a bird-ring. The other 
type was an AERON sampler** complying with the American 
Society for Testing and Materials (ASTM) standards (18). 
This sampler consisted of a 3/4 in. diameter steel pipe 
stand, a canister holder, and a canister of 6 in. diameter 
and l2 in. height as shown in Figure 5. 
* A product of Bel Art Products, Pequannock, NJ. 
** Catalog No. 6307l, a product of Percision Scientific 
Company, Chicago, IL. 
20 
Figure 5. AERON Dustfall Sampler 
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2. HiVolume Air Samplers 
Five HiVolume Air Samplers* were placed in different 
predominant wind directions. Each sampler was equipped with 
an air blower and a filter adapter housed in a sturdy pro-
tective shelter along with a 24-hour flow recorder and a 7-
day timer. Three of the five air samplers were installed on 
the roof of a small building approximately 12 ft high; at 
station 4 the sampler was located on the top of a mobile 
trailer approximately 12 ft high, and the sampler at station 
5 was mounted on a raised platform at 6 ft above the ground 
level as shown in Figure 6. To collect the suspended par-
ticulates, a 8 x 10 in (20 x 25 em) size glass fiber filter 
type A** was used. 
B. Experimental Procedures 
1. Settleable Particulates 
a. Procedure 
The settleable particulates were collected by the dust-
fall buckets at each station for a one-month period. About 
400 to 500 ml. of distilled water was placed in each bucket 
before sampling started during the spring and summer seasons. 
The purpose of adding water to the buckets was to contain the 
sample and keep it from being blown out by strong winds. 
During the winter season, approximately 20 ml. of ethyl 
* Model No. 251-223, a product of Curtis-Matheson Scientific 
Company, Houston, TX. 
** Catalog No. 1160-13 934GF, a product of Bendix Environ-
mental Science Division, Baltimore, MD. 
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Figure 6. HiVolume Air Sampler 
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glycol was added to each bucket as an antifreeze. 
b. Analysis 
At the end of one month sampling period, the canisters 
were collected and the contents analyzed for the total dust 
and concentration of cadmium, copper, lead and zinc. During 
the rainy periods, the volume of the sample collected could 
be as much as one gallon. After collection, each sample was 
reduced to 10 to 20 ml. by evaporation (18). Samples were 
then placed in evaporating dishes on the steam bath for 
removing the moisture, and transferred to a Thelco oven* for 
drying at 103°C for six hours. The amount of the total 
settleable particulates was determined from the difference 
in weights between the dish containing the residue and the 
dish. 
In order to obtain the concentration of trace metals in 
the dustfall, the residue in the dishes was dissolved in 5 ml. 
of concentrated nitric acid, transferred to a 250-mL plastic 
bottle, the dishes rinsed with distilled water, the rinsing 
added to the bottle, and shipped to the Environmental Trace 
Substance center (ETSC), Columbia, Missouri, for subsequent 
wet ashing and trace metal analysis using the following 
procedure: 
The acid rinsed sample was diluted with distilled-
deionized water to 250 ml. and stored in a 500-ml. poly-
ethylene bottle for ashing purposes. 
* Catalog No. ?1543, a product of Precision Scientific 
Company, Chicago, IL. 
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The sample was swirled around until well-mixed. 
Twenty-five milliliters of homogeneous mixture was quickly 
poured into a graduated cylinder to keep from settling in 
the bottle. The measured sa-mple was then emptied into a 
100-ml Kjeldahl flask. The graduated cylinder was rinsed 
with 20 ml. of 1:5 HCl04-HN03 mixture and the rinsing was 
added to the flask. The flask was placed on digestion racks 
on low heat* for a minimum of one hour. After the initial 
reaction, ashing was carried out at higher heat until 
complete. The ashed sample was diluted to 25 ml. with 1% 
HN03 and analyzed for cadmium, copper, lead and zinc using 
at atomic absorption spectrophotometer**. 
2. Suspended Particulates 
a. Procedure 
Suspended particulate samples were taken employing a 
HiVolume air sampler and a glass fiber filter. The glass 
fiber filter was dried at 103°C for 6 hours in a Thelco oven 
and weighed with a special analytical balance***. The 
sampling was carried out automatically with a timer for a 
24-hour period from midnight to midnight twice a month on 
the days when the smelter was in operation. 
* The ethyl glycol added to ~he dustfal~ buckets boils 
vigorously with the acid m1xture.at h1gh heat. . 
** Model No. 403, a product of Perk1n-Elmer Corporat1on, 
Norwalk, CT. 
*** catalog No. 321-802, a product of Curtin-Matheson 
Scientific Company, Houston, TX. 
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b. Analysis 
After the sample was collected, the filter was dried 
for 6 hours in an oven at 103°C. The difference in weights 
between the sample and blank filter gave the weight of the 
total suspended particulates. For trace metals determination, 
the sampled filter paper was sent to the ETSC and analyzed 
for trace metals with the following procedure: 
The glass fiber filters were leached free of trace 
metals using successive amount of a hot acid mixture. For 
this purpose, one half of the filter was placed with the 
exposed side down, in a 250-ml beaker containing 30 ml. 
The beaker was covered with a watch glass and the 
acid was heated to a slow boil with the addition of 15 ml. 
more acid if bumping occurred. Then, the filter and acid 
was boiled for 2 hours, allowed to cool, and as much of the 
cooled acid as possible was poured into a 100-ml Kjeldahl 
flask without the filter paper. Thirty milliliters of 1:5 
HC10 4 :HN0 3 mixture was added to the beaker and boiling was 
repeated. If the filter disintegrated into a pulpy mass in 
the beaker the filter was centrifuged and the centrate was 
poured into the original flask; otherwise just the acid was 
poured off from the beaker to the flask. 
The wet ashing was completed by heating the Kjeldahl 
flask on the digestion racks at a setting of 5 to 6. When 
the white HC10 4 fumes appeared, the heating was discontinued 
and the sample cooled. Then, the sample was diluted with 
50 ml. of 1% HN0 3 • Acid blanks containing the same amount of 
26 
reagents as the analyzed samples were also run. Both the 
samples and blanks were analyzed for cadmium, copper, lead 
and zinc with an atomic absorption spectrophotometer. 
27 
V. RESULTS AND DISCUSSION 
The presentation of the results obtained during this 
investigation is organized to emphasize the distribution of 
total settleable particulates and settleable particulate 
trace metalsr and the transport and - distribution of total 
metallic suspended particulates in the area surrounding the 
AMAX smelter due to mining and smelting operations. 
Twenty dustfall stations within the 3 x 3-mile grid 
(4.8 x 4.8 km) surrounding the smelter area were employed 
for a period of nine months to measure the dustfall, and 
five HiVolume air samplers within a radius of 1.5 miles 
(2.4 km) from the main stack were employed for a ten month 
period to monitor the suspended particulates. 
Pertinent meteorological parameters such as wind speed, 
prevalent wind direction, temperature, and precipitation are 
presented in this chapter. The meteorological information 
was obtained from the AMAX Lead Company of Missouri. 
A. Distribution of Settleable Dust and Particulate 
Trace Metals 
This section deals with the temporal and spatial varia-
tions and frequency distribution of settleable particulates 
and trace metals, isopleths, and the relationship between 
the distance and deposition rates. Tables IV, V, VI, VII 
and VIII show the monthly total dustfall values, and deposi-


























Table IV. Summary of Monthly Total Dustfall Results 
(g/rn 2 -rno) 
' 1972 1973 
Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. 
3 3.5 2.5 2.9 2.4 24.7 73 10.5 3.75 
1.8 2.8 4.5 2.5 2.2 27.4 79 16 0.8 
3.1 6.7 9.7 11.8 4.6 24.9 79 20.4 5.8 
5.7 3.7 M 2.8 4.2 30 115 50.3 13.1 
4.1 7.7 9.7 2.6 3.4 59 43 67 7.2 
3.5 25.6 3.1 4 5 41 57 57 4.5 
2.8 2.6 4.2 5.5 6.5 49 144 43 2.5 
7.5 M 8.9 5.5 8.5 46 107 64 6.3 
6.2 7.5 10.7 6.5 7.4 57 72 58 13.1 
0.9 2.9 3 1.2 5.2 2.6 30 124 M 
11.2 6.8 21.5 18.9 16.8 55 37 68 14.1 
3.2 M 4 2.6 2.9 21 67 16.1 4.4 
3.3 36.3 M 6.6 5.8 78 9 74 10.3 
1.7 <0.1 3.9 2.3 2.7 26 3.4 45 3.3 
0.2 <0.1 3.9 3.2 2.3 63.1 118 23 2.1 
- - - - - - - 46 11.2 
<0.1 2.5 3.8 1.7 1.2 28.8 123 44.2 M 
1.9 2.4 2.4 3.1 2.6 28.1 159 36.1 3.1 
2.2 M 4.2 0.9 1.3 107 87 27 35.4 
M M 6.8 1.1 0.6 63 24 45 8.7 
2.2 2.6 5 . 3 3.5 3.5 34.4 56.4 40 5.9 
M - Missing data 
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Table V. Summary of Monthly ·settleable Particulate Lead 
(rng/rn 2 -rno) 
Sta. 1972 1973 
No. Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. 
1 50 90 66 40 101 68 57 52 27 
2 51 57 99 45 157 102 102 183 15 
3 168 75 117 55 384 329 129 87 66 
4 220 287 178 135 681 319 406 405 557 
5 560 1029 595 365 749 361 632 435 790 
6 303 222 319 124 366 399 214 166 159 
7 47 51 59 88 120 110 92 91 32 
8 2173 M 2546 1570 917 372 365 576 606 
9 1152 232 2329 1814 739 440 348 524 901 
10 10 102 138 98 224 215 15 21 M 
11 2854 2302 6771 3141 880 770 5020 602 1570 
12 171 M 268 150 230 192 171 161 66 
13 94 60 M 113 173 345 46 230 97 
14 24 3 57 57 76 35 32 91 24 
15 14 11 98 590 193 38 107 69 43 
16 
- -
- - - -
- 157 463 
17 2 120 84 84 96 93 42 85 M 
18 32 36 78 27 93 67 125 84 30 
19 21 M 76 81 104 79 M 157 135 
20 M M 231 81 148 90 M 148 141 
Georn. 
Mean 95 98 220 155 239 164 144 153 128 
M - Missing data 
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Table VI. Summary of Monthly Settleable Particulate Zinc 
(rng /rn 2 -rno) 
Sta. 1972 1973 
No. Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. 
1 7 16 7 5 13 10 6 11 16 
2 6 6 10 5 10 9 7 15 4 
3 20 9 13 7 25 241 12 16 9 
4 26 24 24 20 48 4 41 50 90 
5 48 108 54 30 60 5 34 27 61 
6 17 20 15 197 24 2 14 16 22 
7 6 6 6 15 9 9 6 7 8 
8 191 M 140 113 239 46 208 141 132 
9 117 158 22 208 136 83 202 267 230 
10 2 7 11 28 17 11 9 8 M 
11 217 184 520 394 440 534 383 172 108 
12 15 M 26 16 11 22 17 11 20 
13 11 11 M 13 11 19 12 18 13 
14 4 <1 6 7 8 4 5 10 20 






17 <1 13 6 12 10 9 11 13 M 
18 6 6 8 5 9 10 14 10 8 
19 9 M 22 18 25 26 M 8 56 
20 M M 14 12 10 10 M 16 16 
Georn. 20 27 Mean 13 11 18 23 24 15 21 
M - Missing data 
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Table VII. Summary of Monthly Settleable Particulate Copper 
(mg/m 2 -mo) 
Sta. 1972 1973 
No. Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. 
1 2.6 4.5 2.1 2.3 3.8 4.1 3.9 5.2 2.6 
2 2.5 2.4 3.3 1.6 4.4 4.1 5.2 7 0.6 
3 6.3 2.6 3.9 2.5 15.7 50.7 7.1 8.4 <0.1 
4 5 7 12.5 6 15.7 15.8 13.9 14.6 22.8 
5 11.4 19.5 13 7.6 30.4 19.9 13.9 11.5 24.9 
6 4.5 8.7 6.5 4.1 10 12 10.1 8.4 10.8 
7 1.8 3.4 2.8 3.8 4.1 5.1 5.9 3.8 7.5 
8 38.2 M 43.3 26 67.1 6.5 58 46.1 43.3 
9 23 35.2 42.3 22.8 28.8 25.2 61.5 99.6 59.6 
10 1 3 3 75.3 4 5.8 6.6 1.2 M 
11 56 41.2 10.9 16.9 15 19.9 13 65.5 24.9 
12 5.4 M 6.6 3.9 4.6 7.8 4.4 5.5 4.3 
13 <0.1 7.6 M 4.3 4.6 10.5 2.3 6.8 4.7 
14 1.3 0.2 2.4 1.7 2.7 2.3 1.9 4.6 1.9 
15 1.8 0.7 2.3 19 2.3 5 8.1 2.6 4 
16 - - - - - 13.6 13 
- -
17 0.3 4.2 1.9 4.2 3.5 3.8 1.6 5.2 M 
18 2.2 2.1 3.9 1.4 2.9 4.1 0.7 4.9 2.1 
19 1.4 M 2.9 3.1 3.25 6.3 M 5.8 7 
20 M M 5.1 1.7 3.2 4.7 M 7 4.6 
Geom. 
7.78 9 7.6 8.6 6.2 Mean 3 4.4 6.1 6.1 
M - Missing data 
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Table VIII. Summary of Monthly Settleable Particulate 
Cadmium (mg/m 2 -mo) 
Sta. 1972 1973 
No. Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. 
1 0.3 0.3 0.2 0.3 0.6 0.3 0.5 0.4 0.2 
2 0.4 0.4 1 0.5 0.7 0.5 0.6 1 <0.1 
3 0.8 0.3 0.5 0.4 1.8 9.3 0.8 0.5 2.6 
4 0.9 0.8 0.5 0.9 1.7 0.8 1.3 1.1 1.5 
5 2.5 5.4 4.2 3.7 4.7 3.7 2.8 2.2 2.5 
6 0.8 0.4 0.9 1 1.5 1.4 0.8 1 0.6 
7 0.3 0.1 0.2 0.3 0.6 0.4 0.7 0.6 0.2 
8 7.4 M 9.2 8.4 13.5 1.1 0.2 6.8 4.1 
9 9.4 10.8 27.1 21.6 10.9 6.6 22 23 11.9 
10 <0.1 0.5 1.1 0.6 7.6 0.8 10.6 0.1 M 
11 11.5 9.8 50.9 48.7 41.9 37.7 29 14.6 6.2 
12 0.8 M 2.1 1.6 0.8 1.2 1.3 0.8 0.4 
13 0.3 0.3 M 0.7 0.8 1.3 0.3 1.1 0.4 
14 0.2 <0.1 0.2 0.5 0.3 0.2 0.4 0.7 0.2 
15 <0.1 <0.1 0.5 3.8 0.3 0.3 1.5 0.4 0.2 
16 - - - - - 0.8 4 
- -
17 0.2 0.7 0.6 0.9 0.6 0.3 1.6 0.6 M 
18 0.2 0.1 0.6 0.4 0.6 0.4 0.7 0.5 0.3 
19 0.9 2.1 0.5 0.5 0.6 0.5 M 0.8 
0.4 
20 M 1.3 0.8 0.8 0.4 M 1.2 0.7 M 
Geom. 
1.5 1 1.4 1.1 0.8 Mean 0.6 0.6 1.2 1.2 
M - Missing data 
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cadmium, respectively. The dustfall values were calculated 
on the basis of a 30-day period. At station 16, the dustfall 
canisters were stolen three times during the period of study, 
therefore, only two months of data are available. The results 
shown as missing at other stations were due to the elimination 
of the samples containing dead birds, and due to the inacces-
sible roads during heavy rains and snow fall. 
1. Temporal Distribution 
The monthly variations of total dustfall is shown in 
Figure 7. The geometric mean values shown in these figures 
were calculated for the entire study area for each month. 
The mean total dustfall was found to be elevated to as much 
as 56.4 g/m 2 -mo in February, and depressed to 2.3 g/m 2 -mo 
in August. The geometric mean for the entire period was 
8.7 g/m 2 -mo. However, the mean dustfall, in late winter and 
early spring months, ranged from 4 to 6 times higher than the 
geometric mean for the entire period (Figure 7) • These high 
values could not be explained except that the samples col-
lected during these months were unusually dark brown in color 
and oily in appearance. Keagy, et al. (10) in their Nashville, 
Tennessee, air pollution studies, observed that the peak mean 
dustfall occurred in April and the minimum in December. 
The maximum monthly dustfall of 159 g/m 2 -mo was 
observed in February at station 18 located 9800 ft SSE of the 
smelter (Table IV); however, during the same period, the 
settleable metallic particulates were lower (Table V to VIII). 
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Figure 7. Monthly Geometric Mean Values of Dustfall 
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to windblown dust. 
The monthly variations of metallic settleable parti-
culates are shown in Figure 8. The maximum geometric mean 
dustfall lead was observed to be 239 mgjm 2 -mo during December 
decreasing to 220 mg/m 2 -mo in October, with a minimum of 
95 mg/m 2 -mo in August. This maximum mean value is approxi-
mately 1.6 times the geometric mean of 150.7 mg/m 2 -mo for the 
entire period. The highest monthly dustfall lead of 6771 
mg/m 2 -mo (Table V) occurred in October amounting to about 45 
times the geometric mean for the study period. It is inter-
esting to note that this high deposition rate was not mea-
sured in the same month (February) as that of the maximum 
dustfall except the difference in the location; namely, the 
highest monthly dustfall was at a remote location (station 
18) in the woods, and maximum lead deposition rate at 
station 11 situated 700 ft from the main stack near the rail-
road affected by the trucking operations in the plant area. 
The maximum dustfall zinc was 7 times lower as compared 
to the mean lead value as shown in Figure 8. The maximum 
geometric mean dustfall zinc was observed to be 27 mg/m 2 -mo 
in April and a minimum of 11 mg/m 2 -mo in September. This 
maximum mean value was about 1.5 times the geometric mean 
(18.8 mgjm 2 -mo) for the entire study period. The monthly 
dustfall zinc at a station nearer to the plant (station 11) 
ranged between 108 and 534 mg/m 2 -mo while at a distant 
station 14, it varied from less than 1 to 20 mg/m 2 -mo 
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station 14 (7900 ft WSW of the stack) was located in a 
densely wooded area and has no traffic activities surrounding 
this station. 
The maximum geometric mean dustfall copper was 9 
mg/m 2 -mo in January and minimum of 3 mg/m 2 -mo during August 
as shown in Figure 8. However, the mean dustfall copper was 
found to be 6.3 mg/m 2 -mo for the entire study period. The 
highest monthly copper deposition rate of 99.6 mgjm 2 -mo 
occurred in March at station 9, some 900 ft WNW of smelter, 
and this deposition rate was not measured during the same 
month for the total dust, and settleable lead and zinc. The 
reason for the high copper deposition at this station might 
be due to the wind blowing southeasterly at an average speed 
of 9 mph (Table IX) during this month. 
The mean dustfall cadmium varied from 1.5 mg/m 2 -mo in 
December to 0.5 mg/m 2 -mo in September (Table VIII). The mean 
dustfall cadmium for the entire period was l mg/m 2 -mo which 
is about 150 times lower than the mean dustfall lead (Figure 
8) . Higher values of dustfall cadmium occurred nearer to the 
smelter (stations 9 and 11) as expected. 
In summary, the average amount of lead, zinc, copper, and 
cadmium were found to be 1.7, 0.2, 0.07, and less than 0.01 
percent of the total dustfall, respectively. The dustfall 
was much higher in the winter season and lower in the other 
seasons than the 9-month mean (8.7 g/m 2 -mo). However, this 
was not true in the case of the settleable particulate trace 
metals; while the zinc and copper deposition rates varied 
Table IX. Pertinent Meteorological Data for August 72-April 73 
Avg. Wind Prevailing Wind 
Month Speed,mph Direction 
Aug. 3.5 s 
Sept. 3.8 SE 
Oct. 4.1 N 
Nov. 6.3 E 
Dec. 7.0 SSE 
Jan. 7.8 WNW 
Feb. 6.8 SSE 
Mar. 8.8 SE 
Apr. 9.5 NW 
For 9-month period: 
Prevalent Wind Directions- WNW 9.7% 
s 9.1% 
SE 9.1% 
Average Wind Speed - 8 mph 
Avg. Rel. Avg. Precipitation 
Humidity,% Temperature, °F I riches No.of Occurrence 
81 73 2.6 13 
79 66 4.2 8 
81 53 4.8 15 
82 35 7.5 9 
79 25 3.6 9 
76 30 3.8 7 
83 34 2.3 11 
78 44 8.7 16 
85 51 7.1 12 
38 
39 
throughout the study period. A station near Glover, Missouri 
located in the vicinity of the ASARCO smelter but 40 miles 
SE of the AMAX smelter has also been reported (19,20) to 
show the highest dustfall (in April) and lead deposition 
(in March) occurring in different periods. A comparison of 
the dustfall value with the Missouri air quality standards 
was made. The standards call for a 3-month average dustfall 
of 10.2 g/m 2 -mo (30 tons/sg mi-mo) including the background 
not to be exceeded in the heavy industrial areas (20). 
During the study period, the mean dustfall was found to be 
below the standards. 
2. Spatial Distribution 
The dustfall loading generally decreased with an increase 
of distance from the sources of pollutant. The interaction 
among the meteorological parameters such as wind, temperature, 
and rain fall that cause the pollutant dispersion makes the 
prediction of the dustfall loading surrounding the smelter 
area difficult. 
The geometric mean and upper and lower limits at 95% 
confidence interval (21) of the dustfall and trace metals 
deposition rates for each station are shown in Figure 9. The 
dustfall stations located near to the smelter showed higher 
deposition rates than the stations away from the smelter. 
The deposition rates of the trace metals increased around the 
study area in the following order: 
Cd<Cu<Zn<Pb. 
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percent of the total dust by weight in the same direction 
(stations 12, 17, and 19} whereas the other trace metals did 
not show a similar trend. 
The maximum mean total dustfall and deposition rates of 
trace metals were observed at station 11, which is nearest 
to the stack and also influenced by the trucking and railroad 
operations. The stations located at a distance of 6500 ft 
from the stack (station 7, 2, and 20} but in different 
directions, did not show similar deposition rates of dust and 
trace metals. The mean dustfall cadmium values ranged from 
22 mg/m 2 -moat the nearest station to about 0.3 mg/m 2 -moat 
the distant location as shown in Table X. 
a. Isopleths 
The radial distribution of dustfall and settleable 
particulate trace metals surrounding the smelter area are 
shown as isopleths in Figures 10 to 14. Isopleths are the 
lines joining the points of equal dustfall values. 
The total dustfall was observed to be greater than 
20 gjrn 2 -rno (57.2 tons/sq mi-mo} on an area o f 0.05 sq mi 
surrounding the smelter stack as illustrated in Figure 10; 
15 to 20 g/rn 2 -mo (42.9 to 57.2 tons/sq mi-mo} was deposited 
ove r an area o f 0.2 sq mi. Beyond an are a o f a pproximately 
11.7 sq mi around the smelter complex, dustfall was less than 
5 g/rn2 -mo (14.3 tons/sq mi-mo}. 
Figur e 11 shows the r a dial d i stribution o f the deposit ion 
rate of lead was greater than 2000 mg/m2 -mo (5.7 tons/sq mi-mo} 
on an area of 0.03 sq mi surrounding the smelter, on an 
42 
Table X. Settleable Particulate Cadmium at 
Various Stations 
Deposition Rate, mg/m 2 -mo 
Limits* Station Geom. 
No. Mean Upper Lower 
11 21 ~ 9 40.1 1.2 
8 3.9 11.9 1.3 
9 14.3 21 9.8 
5 3.4 4.3 2.6 
10 0.8 3.3 0.2 
6 0.9 1.2 0.6 
12 1 1.5 0.7 
4 1 1.3 0.8 
3 1 2.3 0.4 
13 0.5 0.9 0 . 3 
7 0.2 0 . 5 0 . 2 
2 0 . 5 0.9 0.2 
20 0.8 1.2 0.6 
14 0.3 0.9 0.1 
1 0.3 0.4 0.2 
17 0.6 1 0.4 
18 0.4 0.6 0.2 
19 0.7 1 0.4 
15 0 .3 0 . 9 0. 1 
* At 95% Conf i dence Interval 
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area of 2.15 sq mi, the deposition rate was greater than 100 
mg/m2 -mo (0.3 ton/sq mi-mo). Beyond an area of approximately 
12 sq mi around the smelter complex, the deposition rate was 
less than 50 mg/m 2 -mo (0.15 ton/sq mi-mo). 
The radial distribution of deposition rate of zinc was 
observed to be greater than 300 mg/m 2 -mo (0.9 ton/sq mi-mo) 
over an area of 0.02 sq mi and decreasing to 5 mg/m 2 -mo 
(0.015 ton/sq mi-mo) beyond an area of 14 sq mi as shown in 
Figure 12. 
The radial distribution of the dustfall copper on the 
area around the smelter is shown in Figure 13. The deposi-
tion rate was observed to be greater than 100 mg/m 2 -mo 
(0.3 ton/sq mi-mo) on an area of 0.02 sq mi and decreasing 
to 2 mg/m 2 -mo (0.006 ton/sq mi-mo) beyond an area of approxi-
mately 14 sq mi around the smelter. 
Figure 14 shows the radial distribution of the deposi-
tion rate of cadmium on the area around the smelter. The 
deposition rate was greater than 20 mg/m 2 -mo (0.008 ton/sq 
mi-mo) over an area of 0.04 sq mi and decreased to 0.5 
mg/m 2 -mo (0.0002 ton/sq mi-mo) beyond an area of 3.7 sq mi 
around the smelter. 
In summary, the area closer to the smelter showed high 
dustfall and deposition rates of trace metals, and as the 
distance from the source increased, dust and trace metal 
loadings decreased. The distributions of dust and trace 
metals as isopleths showed similar patterns surrounding the 
smelter area, namely, the isopleths were elongated in north 
49 
and south directions and narrow in east and west directions. 
The reason for this type of distribution is due to the pre-
vailing southeasterly and westnorthwesterly winds (Table IX). 
A comparison of the deposition rates of metallic parti-
culates around two u.s. smelters is shown in Table XI. The 
area around the AMAX smelter showed higher deposition rates 
of metallic particulates distributed over larger areas than 
those around the East Helena smelter. Such elevated deposi-
tions were prompted by the increased particulate emissions 
due to the smaller stack, the higher charge to the sinter 
machine, and a single particulate control device (baghouse) 
at the AMAX as compared to the smelter at East Helena. 
b. Relation Between Deposition Rate and Distance 
An attempt was made to evaluate the variation of the 
dustfall and trace metal deposition rates as a function of 
distance from the source by regression analysis. In making 
this analysis, the meteorological parameters such as wind 
speed, wind direction, temperature and precipitation were not 
incorporated due to the inherent nature of the sampling tech-
nique. After investigating several polynomial and logarithmic 
relationships, it was observed that the relation between the 
distance and deposition rate of dust and trace metals approxi-
mately followed a logarithmic law with a high correlation 
coefficient. 
The deposition rate of dust and trace metals decreased 
with increasing distance from the source as shown by the 
regression lines in Figures 15 and 16. The dustfall was 
Table XI. Deposition Rates of Metallic Particulates Around 
Two U.S. Smelters 
Smelter Lead 
Deposition 
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Figure 16. Regression L~e of Deposition Rate of Trace Metals on Distance from Source 
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observed to extend over a larger area to reach the background 
value of 1.74 g/m 2 -mo reported by the Missouri Air Conserva-
tion Commission (20); however, the deposition rate of trace 
metals approached a low value* ( 10 1 2 f 1 eg., mg m -mo or ead) 
within a smaller area. The larger area of coverage by the 
dust is due to the natural sources as well as the local 
traffic activities whereas the settleable particulate trace 
metals are mostly contributed by the plant emissions and 
other industrial activities in and around the smelter. 
3. Evaluation of Dustfall and Settleable Particulate 
Trace Metal Deposition 
The dustfall and deposition rate of trace metals vary 
considerably from month to month at a particular location, 
and from one location to another in a particular period as 
discussed earlier in this chapter. These variations in the 
deposition rates occurring over the study period could be 
evaluated with frequency distributions. Such distributions 
for settleable dust and trace metals are shown in Figure 17. 
It can be seen that the distributions of dustfall and trace 
metal deposition rates are log normal. 
The figure shows that 46 percent of 166 individual dust-
fall samples have exceeded the Missouri air quality standards 
of 10.2 g/m 2 -mo (30 tons/sq mi-mo) for industrial areas. 
Thirty percent of the dustfall values were greater than 
20 g/m 2 -mo during the study period. The figure also shows 
* The background values of trace metals were not available 
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that in 30 percent of the samples, the lead, zinc, copper and 
cadmium deposition rates were observed to be greater than 
305, 38.8, 13.1 and 2.1 mg/m 2 -mo, respectively, and were 
found in decreasing order. 
B. Distribution of Total Suspended Particulates and 
Suspended Particulate Trace Metals 
This section deals with the transport and distribution 
of total suspended particulates (TSP) and suspended parti-
culate trace metals. Tables XII to XVI show the results of 
TSP and suspended particulate trace metals surrounding the 
AMAX smelter during the 10-month study period. The suspended 
particulate zinc results were recorded zero several times, 
because of the high blank values of zinc in glass fiber 
filters. The average amount of trace metals per glass fiber 
filter blank were found to be as follows: 
Pb 5.5 ± 0.8 11g 
Zn 567 ± 115 119 
Cu 2.3 ± 0.17 11g 
Cd 111g 
Wind affects the transport of the suspended particulates. 
On several occasions, it was observed from the results that 
the prevalent winds helped to transport the suspended parti-
culates in a specific direction. The TSP and suspended 
particulate trace metals at station 3 (NNE of the stack) were 
highest on December 1, compared to the other stations. During 
that day, the southsouthwesterly wind blowing at 11.3 mph 
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Table XII. Summary of Total Suspended Particulates in ~g/m 3 and 
Relevant Meteorological Data 
Station Wind Data 
Sampling 1 2 3 4 5* Avg. 
Date Prev. Freq. Speed 
(1972-73) SSE;4250ft ENE;3875ft NNE;5250ft NNW;5750ft NW;ll40ft Dir. % mph 
6/26 NA NA 131 101 - SSE 33 6.1 
7/10 71.8 399 NA 53 - ssw 44 7 . 8 
7/31 50 67 55 33 - NA NA NA 
8/13 24 30 25 NA - s 29 3.3 
8/31 73 276 44 44 - w 53 3.2 
9/18 70 176 11 97 - SSE 28 2.8 
10/2 48 2 41 53 - s 28 4. 6 
10/23 43 18 15 662 12 w 52 7.6 
11/6 14 23 12 NA 18 E 33 9.3 
11/16 5 21 57 10 16 WSW 33 4.8 
12/1 78 15 107 21 24 ssw 36 11.3 
12/18 20 29 17 25 45 SSE 44 10.9 
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Table XII. Summary of Total Suspended Particulates in ~g/m 3 and 
Relevant Meteorological Data-continued 
Station Wind Data 
~amp ling 1 2 3 4 5* Avg. 
Date Prev. Freq . Speed 
(1972-73) SSE;4250ft ENE;3875ft NNE;5250ft NNW;5750ft NW;ll40ft Dir. % mph 
1/3 16 48 14 90 26 SE 40 16.1 
1/16 24 NA 24 70 234 SSE 62 9.6 
( 2/1 18 10 17 ( 28 ( 128 SSE 40 13.9 \ ( 
L.}l.'S ( 'S~ 1~ ?>~ 1.\. 4.~ ~ 1S l<L l! 
:,;t. 1.1.\) ~1\. \.9 2~ 1~ ESE 4.1 4..6 
3/5 4.9 151 36 NA. 23 w 41 7.3 
) 
112 
) 46 18 173 ) 56 5.1 4. (3 ( 126 ( ( N 
4./11 48 1 43 49 181 SE 20 8.3 
5/3 80 196 147 NA 74 WNW 28 9.9 
* Station 5 installed in October 72 
NA - Not Available 
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Table XIII. Summary of Suspended Particulate Lead in ~g/rn 3 and 
Relevant Meteorological Data 
Station Wind Data 
~arnp1ing 1 2 3 4 5* Avg. 
Date Prev. Ereq. Speed, 
(1972-73) SSE;4250ft ENE;3875ft NNE;5250ft NNW;5750ft NW;l140ft Dir. % mph 
6/26 NA NA 2.9 2.5 - SSE 33 6.1 
7/10 0.8 1.5 NA 5.6 - ssw 49 7.8 
7/31 1.3 6.1 3.1 0.6 - NA NA NA 
8/13 1.5 0.3 0.3 NA - s 29 3.3 
8/28 1.7 17.8 0.2 0.4 - w 53 2.8 
9/18 0.4 1.1 0.7 4.3 - SSE 28 2.8 
10/2 0.5 1.0 0.2 17.7 - s 28 4.6 
10/23 10.1 0.2 0.2 0.1 0.4 w 52 7.6 
11/6 0.3 0.8 0.1 NA 3.3 E 33 9.5 
11/16 0.4 0.2 0.8 0.2 0.7 WSW 33 4.8 
12/1 0.8 0.6 13.7 0.2 3.4 ssw 36 11.3 
12/18 0.6 1.7 0.3 3.4 11.3 SSE 44 10.9 
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Table XIII. Summary of Suspended Particulate Lead in ~g/rn 3 and 
Relevant Meteorological Data-continued 
Station Wind Data 
Sampling-
Date 1 2 3 4 5* Avg. Prev. Freq. Speed 
(1972-73) SSE;4250ft ENE;3875ft NNE;5250ft NNW;5750ft NW;ll40ft Dir. % mph 
1/3 0.3 0.8 0.6 0.4 6.5 - SE 40 16.1 
1/16 0.8 NA 1.0 24.5 18.5 SSE 62 9.6 
2/1 0.6 0.7 0.7 0.8 16.2 SSE 40 13.9 
2/15 1.9 2.7 0.7 1.7 8.3 WNW 75 10.1 
3/2 1.0 NA 0.3 3.4 26.4 ESE 41 4.6 
3/15 2.0 31.7 1.0 NA 3.4 w 41 7.3 
4/3 0.5 0.7 0.6 2.7 8.6 N 56 5.1 
4/17 0.8 2.6 0.8 8.8 3.8 SE 20 8.3 
5/3 4.9 8.1 3.6 NA 3.1 NNW 28 9.9 
* Station 5 installed in October 72 
NA = Not Available 
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Table XIV. Summary of Suspended Particulate Zinc in ~g/m 3 and 
Relevant Meteorological Data 
Station Wind Data 
~amp1ing 1 2 3 4 5* Avg. 
Date Prev. Freq. Speed, 
(1972-73) SSE;4250ft ENE;3875ft NNE;5250ft NNW;5750ft NW;1140ft Dir. % mph 
6/26 NA NA 1. 64 3.1 - SSE 33 6.1 
7/10 0.47 2.35 NA 1. 45 - ssw 49 7.8 
7/31 0.34 0.41 0.26 0.46 - NA NA NA 
8/31 0 0.81 0 NA - s 29 3.3 
8/28 0 0.98 0 0 - w 53 3.2 
9/18 0 0 0.4 0.6 - SSE 28 2.8 
10/2 0 0 0 0.63 - s 28 4.6 
10/23 0.57 0 0 0 - w 52 7.6 
11/6 0 0 0 0 - E 33 9.3 
11/16 0 0 0 0 - WSW 33 4.8 
12/1 0 0.07 1. 29 0 0.39 ssw 36 11.3 
12/18 0 0.39 0 1. 34 1. 03 SSE 44 10.9 
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Table XIV. Summary of Suspended Particulate Zinc in ~g/rn 3 and 
Relevant Meteorological Data-continued 
Station Wind Data 
Sampling 1 2 3 4 5* Avg. 
Date Prev. Freq. Speed 
(1972-73) SSE:4250ft ENE:3875ft NNE:5250ft NNW;5750ft NW;ll40ft Dir. % mph 
1/3 0 0.22 0 0 l. 28 SE 40 16.1 
1/16 0 NA 0 0 2.99 SSE 62 9.6 
2/1 0 0 0 0 l. 77 SSE 40 13.9 
2/15 0.22 0.59 0 0 0.31 WNW 75 10.1 
3/2 0.38 NA 0.26 0 0 ESE 41 4.6 
3/15 0.02 0.63 0 NA 0.17 w 41 7.3 
4/3 0 0 0 0 0.65 N 56 5.1 
4/17 0 0 0 0 2.28 SE 20 8.3 
5/3 0.14 0.4 0 NA 0 WNW 28 9.9 
* Station 5 installed in October 72. 
NA - Not Available 
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Table XV. Summary of Suspended Particulate Copper in ~g/m 3 and 
Relevant Meteorological Data 
Station Wind Data 
~amp ling 1 2 3 4 5* Avg. 
Date Prev. Freq. Speed, 
(1972-73) SSE;4250ft ENE;3875ft NNE;5250ft NNW;5750ft NW;ll40ft Dir. % mph 
6/26 NA NA 0.078 0.077 - SSE 33 6.1 
7/10 0.021 0.087 NA 0.079 - ssw 49 7.8 
7/31 0.038 0.081 0.068 0.038 - NA NA NA 
8/13 0.035 0.029 0.022 NA - s 29 3.3 
8/28 0.055 0.394 0.019 0.043 - w 53 3.2 
9/18 0.018 0.041 0.098 0.092 - SSE 28 2.8 
10/2 0.015 0.049 0.06 0.19 - s 28 4.6 
10/23 0.11 0.018 0.015 0.014 0.018 w 52 7.6 
11/6 0.009 0.026 0.013 NA 0.325 E 33 9.3 
11/16 0.015 0.011 0.013 0.014 0.048 WSW 33 4.8 
12/1 0.019 0.014 0.187 0.014 0.048 ssw 36 11.3 
12/18 0.018 0.041 0.012 0.039 0.16 SSE 44 10.9 
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Table XV. Summary of Suspended Particulate Copper 1n ~g/m 3 and 
Relevant Meteo-rological Data-continued 
Station Wind Data 
Sampling 1 2 3 4 5* Avg . 
Date Prev. Freq. Speed, 
(1972-73} SSE;4250ft ENE;3875ft NNE;5250ft NNW;5750ft NW;ll40ft Dir. % mph 
1/3 0.012 0.16 0.016 0.035 0.15 SE 40 16. 1 
1/16 0.018 NA 0.032 0.39 0.5 SSE 62 9.6 
2/1 0.013 0.014 0.034 0.13 0.65 SSE 40 13.9 
2/15 0.067 0.3 0.043 0.029 0.13 WNW 75 10.1 
3/2 0.033 NA 0.027 0.072 0.32 ESE 41 4.6 
3/15 0.038 0.75 0 . 01 NA 0.06 w 41 7.3 
4/3 0.021 0.027 0.021 0.045 0.18 N 56 5.1 
4/17 0.02 0.1 0.025 0.015 0.54 SE 20 8.3 
5/3 0.074 0.33 0.06 NA 0.65 WNW 28 9.9 
* Station 5 installed in October 72 
NA - Not Available 
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Table XVI. Summary of Suspended Particulate Cadmium in ~gjm 3 
and Relevant Meteorological Data 
Station Wind Data 
~amp ling 1 2 3 4 . 5* Avg. 
Date Prev. Freq. Speed, 
(1972-73) SSE;4250ft ENE;3875ft NNE;5250ft NNW; 57 50ft NW;ll40ft Dir. % mph 
' 6/26 NA NA 0.033 0.037 - SSE 33 6.1 
7/10 0.008 0.01 NA 0.116 - ssw 49 7.8 
7/31 0.026 0.055 0.038 0.015 - NA NA NA 
8/13 0.086 0.013 0.01 NA - s 29 3.3 
8/28 0.014 0.126 0.007 0.011 - w 53 3.2 
9/18 0.007 0.007 0.122 0.071 - SSE 28 2.8 
10/2 0.008 0.007 0. 013 0.208 - s 28 4.6 
10/23 0.15 0.008 0.008 0.014 0.007 w 52 7.6 
11/6 0.014 0.086 0.017 NA 0.13 E 33 9.5 
11/16 0.012 0.006 0.02 0.013 0.013 WSW 33 4.8 
12/1 1. 67 0.012 2.28 0.02 0.034 ssw 36 11.3 
12/18 0.035 0.08 0.026 0.06 0.1 SSE 44 10.9 
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Table XVI. Summary of Suspended Particulate Cadmium in ~g/m 3 
and Relevant Meteorological Data-continued 
Station Wind Data 
Sampling 1 2 3 4 5* Avg. 
Date Prev. Freq. Speed, 
(1972-73) SSE;4250ft ENE;3875ft NNE;5250ft NNW; 57 50ft NW;ll40ft Dir. % mph 
1/3 0.017 0.047 0.015 0. 012 0.07 SE 40 16.1 
1/16 0.015 NA 0.017 0.24 0.47 SSE 62 9.6 
2/1 0.025 0.006 0.009 0.067 0.34 SSE 40 13.9 
2/15 0.735 0.034 0.04 0.03 0.05 WNW 75 10.1 
3/2 0.077 NA 0.07 0.285 0.016 ESE 41 4.6 
3/15 0.038 0.17 0.05 NA 0.056 w 41 7.3 
4/3 0.015 0.01 0.013 0.045 0.056 N 56 5.1 
4/17 0.02 0.02 0.02 0.001 0.021 SE 20 8.3 
5/3 0.042 0.027 0.04 NA 0.023 WNW 28 9.9 
* Station 5 installed in October 72 
NA - Not Available 
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caused the high TSP and suspended particulate trace metal 
concentrations regardless of the farther location of the 
station 3. 
The TSP and suspended particulate trace metals were 
also observed to be high on January 16, at stations 4 and 5 
because both of these stations had been affected by the 
southsoutheasterly wind occurring 62 percent of the time. 
From the results presented in Tables XI to XVIr it was 
determined that, during approximately 75 percent of the 
sampling days, the high TSP and suspended particulate lead, 
copper and cadmium concentrations were due to the prevalent 
winds toward a particular location. For the remaining 25 
percent of the sampling days, the concentration reported 
could be mainly attributed to the transportation activities 
and wind blown dust in and around the locations, apart from 
the effect of the wind frequency. 
1. Transport of Suspended Particulates 
The transport of ambient suspended particulates is 
affected by meteorological parameters. The pollutant gener-
ating natural activities near the sampling stations also play 
an important role on the ambient suspended particulate con-
centrations. Generally, the suspended particulate concen-
trations decrease with the increase of distance from the 
source (11). 
Figure 18 shows the spatial variation of the concentra-
tions of the TSP and suspended particulate trace metals for 
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TSP and Suspended Particulate Trace Metals at Various Stations 
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zinc are not shown in the figure because most of the samples 
contained less zinc than that found in the blank filters 
discussed earlier. 
The geometric mean values of TSP decreased as the 
distance increased from the source except at stations 2 and 4. 
The mean TSP concentration was observed to be as high as 55 
~g/m 3 at station 2 in spite of its farther location from the 
stack, and as low as 33 ~g/m 3 at station 3 as shown in 
Figure 18. However, the mean suspended particulate trace 
metal concentrations were not the highest at station 2. 
anamoly between the TSP and trace metal values could be 
attributed to the fact that station 2 was located in the 
This 
Magmont mine area near a gravel road with intermittent truck 
traffic that produced ground dust, and that all samples were 
taken during working days. The high TSP concentration at the 
most distant station 4 (NNW of stack) was due to the prevailing 
southsoutheasterly winds (Table IX) and to its location in an 
open area. 
The mean suspended particulate lead concentration was 
also found to decrease with the increase of distance, except 
at station 4 for the same reasons stated above. The highest 
mean particulate lead concentration was 4.9 ~g/m 3 at the 
nearest station located in the direction of prevalent winds 
and the lowest was 0.7 ~g/m 3 at station 3 (Figure 18). 
The amount of lead as percent in TSP is shown in Figure 
19. The percent of lead varied from 14 to 3 within a radius 
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Figure 19. Average Lead Content in Suspended Particulates at Various Stations 
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nearest station and the lowest at one mile distance. The 
percent lead also decreased with the distance. The variation 
of particulate lead in percent followed the same trend as the 
suspended particulate lead concentration (Figure 18), and also 
confirmed the explanation for the anamoly between the TSP and 
suspended particulate lead. 
The spatial variation of suspended particulate copper 
and cadmium were different from those of TSP and suspended 
particulate lead in that the lowest mean concentrations were 
not found at the same locations. However, the general trend 
of the decreasing concentration distribution of both trace 
metals with the distance was observed. The maximum mean 
suspended particulate copper and cadmium concentrations were 
0.14 and 0.06 ~g/m 3 , respectively, nearby the smelter whereas 
the minimum concentration of 0.025 ~g/m 3 occurred at 3875 
and 4250 ft away from the stack. 
The geometric mean TSP concentration for the 9-month 
study period was found to be within both the national primary 
and secondary standards of 75 and 60 ~g/m 3 (annual geometric 
mean), respectively, for suspended particulates (22) at any 
station within one-mile radius from the smelter. 
2. Frequency Distribution 
The frequency distribution of 24-hour ambient TSP and 
suspended particulate lead, copper and cadmium concentrations 
obtained within 6000 ft radius of the smelter during the 
study period were found to be log normal as shown in Figure 
20. The national primary and secondary standards for suspended 
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Figure 20. Cumulative Frequency Distribution of TSP 
and Suspended Particulate Trace Metals 
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particulates are, respectively, 260 and 150 ~gjm 3 , as the 
maximum 24-hour concentrations not to be exceeded more than 
once a year(22). About 4 percent of the samples exceeded the 
national primary standards and 9 percent were above the 
secondary standard. Fifty percent of results showed the TSP 
concentration to be less than 43 ~g/m 3 • 
There are no national ambient air quality standard 
for suspended particulate lead promulgated; but the Califor-
nia standard stipulates a 30-day average ambient lead concen-
tration not exceeding 1.5 ~gjm 3 . It was observed that about 
50 percent of the suspended particulate lead values were less 
than 1.5 ~g/m 3 , and 20 percent of the observations exceeded 
by 3 times the California standards. 
A comparison of the suspended particulate lead, copper 
and cadmium concentrations obtained in the AMAX smelter area 
during the study period was made with the results reported by 
the National Air Surveillance Networks (NASN) in 1965 (23). 
The maximum and minimum ambient suspended particulate trace 
metals values in the United States were reported to be as 
follows (23): 
Lead Copper Cadmium 
Maximum (~g/m 3) 8.6 10.0 0.42 
Minimum (~g/m3) 0.01 0.002 0.011 
About 10 percent of the time, during this study, the suspended 
particulate lead concentrations exceeded the maximum v alue 
observed by the NASN; the maximum suspended particulate 
copper value was below 0.65 ~g/m 3 ; about 3 percent of the 
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observations of suspended particulate cadmium were greater 
than 0.42 ~g/m 3 and 19 percent of the samples were less than 
0. 011 ~g/m 3 • 
The geometric mean of TSP and suspended particulate 
lead, copper and cadmium were 43, 1.3, 0.047 and 0.036 ~g/m 3 , 
respectively, for the study are.a. No federal and state 
ambient air quality standards for suspended particulate 
copper and cadmium have been developed at this time. 
74 
VI. CONCLUSIONS 
On the basis of the results obtained in this study, the 






The temporal distribution within 3 miles surrounding 
smelter indicated that the dustfall reached a highes 
56 g/m 2 -mo in February but, the maximum deposition 
trace metals were found as follows: 
mg/m 2 -mo Month 
Lead 239 December 
Zinc 27 April 
Copper 9 January 
Cadmium 1.5 December 
The trace metal contents in the dustfall were found 
to increase on temporal and spatial basis in the following 
order: 
Cd<Cu<Zn<Pb 
This is the same order of occurrence found in the lead ore 
concentrate. 
3. The deposition rates of settleable dust and trace 
metals decreased with distance over the study area. The 
decrease was found to follow approximately a logarithmic law. 
In evaluating this relationship between the deposition rate 
and distance from the stack, meteorological factors were not 
considered due to inherent nature of the sampling technique. 
4. The stations nearest to the smelting plant area 
received the highest deposition rates. However, the deposi-
tion rates at the three 6500-ft stations located in different 
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directions were not the same. 
5. The radial distribution pattern of trace metals was 
found to be similar to that of dustfall as influenced by the 
prevalent winds. 
6. The spatial concentration distribution of ambient 
suspended particulate trace metals generally decreased as the 
distance from the stack increased. The order of occurrence 
of the trace metals in the suspended particulates was the 
same as described earlier except for the suspended particulate 
zinc. 
7. The maximum 24-hour total suspended particulates 
concentration in the study area exceeded the national primary 
and secondary standards of 260 and 150 ~g/m 3 on four and nine 
days, respectively, out of 92 sampling days in a 9-month period. 
8. From this investigation it was found that there is 
a potential danger of the lead contamination of air surround-
ing the AMAX smelter due to the occurrence of elevated lead 
concentrations as much as 32 ~g/m 3 • 
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VII. RECOMMENDATIONS FOR FUTURE RESEARCH 
From the results obtained in this investigation, the 
following recommendations are made: 
1. A larger network of sampling stations needs to be 
established to determine the background values of settleable 
particulate and suspended particulate trace metals. 
2. The relation between the deposition rate and 
distance from the source should be evaluated in a particular 
direction considering the meteorological parameters. 
3. The long range transport of suspended particulate 
lead and other trace metals should be determined. 
4. In order to eliminate the error due to high zinc 
glass fiber filter blanks, appropriate filters, including 
















"Missouri Mineral News," Missouri Geological Survey and 
Water Resources, 11, 22 (1971). 
"Missouri Mineral News," Missouri Geological Survey and 
Water Resources, 13, 14 (1973). 
"Missouri Mineral News," Missouri Geological Survey and 
Water Resources, 14, 21 (1974). 
Gibson, F.W., "New Buick Lead Smelter Incorporates 
Forty.Y~ars of Technological Advances," Engineering 
and M1n1ng Journal, z, 169 (1968). 
"American Metal Market," Fair Child Publication, New 
York, New York (February 12, 1971). 
"An Interdisciplinary Investigation of Environmental 
Pollution by Lead and Other Heavy Metals from 
Industrial Development in the New Lead Belt of 
Southeastern Missouri," Progress Report, 
Interdisciplinary Lead Be'lt Team, University of 
Missouri-Rolla, Rolla, Missouri (1972). 
Gibson, F.W., "Smoke Handling in a Lead Smelter," 
Presented at the Mining Environmental Conference, 
University of Missouri-Rolla, Rolla, Missouri, 204 
(April 16, 1969). 
Higazy, H.A., "Physical Studies on Polluted Air in 
Egypt," M.S. Thesis, Cairo University, Egypt (1961). 
Abdel Salam, M.S., and M.A. Sowelim, "Dust Deposits in 
the City of Cairo," Atmospheric Environment, .!_, 211 
(1967). 
Keagy, D.M., et al., "Sampling Station and Time 
Requirements for Urban Air Pollution Survey, "Journal 
Air Pollution Control Association, 11, 270 (1961). 
"Helena Valley, Montana--Area Environmental Pollution 
Study," Office of Air Programs Publication No. AP-91, 
u.s. Environmental Protection Agency (1972). 
"Air Quality Criteria for Particulate Matter," u.s. 
Department of Health, Edu~a~ion, ~nd Welfa~e, ~ational 
Air Pollution Control Adm1n1s trat1on, Publ1ca t1on 













Besner, I. D., and P.R. Atkins, "The Dispersion of 
L~ad and"Carbon.Monoxide from a Heavily Travelled 
H1ghway, Techn1cal Report EHE-70-80, The University 
of Texas at Austin, Austin, Texas (1970). 
Munn, R. E. , "A Study of Suspended Particulate Air 
Pollution at Two Locations in Toronto, Canada " 
Atmospheric Environment, I, 311 (1973) , 
Earl, J. L., and C. B. Snyder, "Lead Aerosol Baseline: 
Concentration at White Mountain and Laguna Mountain 
California," Science, 176, 401 (1972). ' 
Gibson, F. W., "The Buick Smelter of AMAX-HOMESTAKE 
LEAD TOLLERS," Technical Report, Missouri Lead 
Operating Company (April 1970) • 
Carr, G. H., Engineer, AMAX Lead Company of Missouri, 
Boss, Missouri, Private Communication (1973). 
"Measurement of Atmospheric Dust," Annual Book of ASTM 
Standards, Part 23 (1972). 
Shell, H. D., Executive Secretary, Missouri Air 
Conservation Commission, Jefferson City, Missouri, 
Private Communication (1973}. 
"Missouri Air Quality," Missouri Air Conservation 
Commission, Jefferson City, Missouri (1972}. 
Herrick, R. A., et al., "Recommended Standard Method 
for Continuing Dustfall Survey, (APM-1 Revision 1)," 
Journal Air Pollution Control Asso~_:iation, !.§_, 372 
(1966). 
"National Primary and Secondary Ambient Air Quality 
Standards," Federal Register, ~, 84, Part II, 
Environmental Protection Agency (April 30, 1971). 
"Kanawha Valley Air Pollution Study," U.~. Depa:tment 
of Health Education, and Welfare, Nat1onal A1r 




Pramod Maneklal Shah was born on November 12, 1939, in 
Kopergoan, India. He attended H. V. Shroff Memorial High 
School and graduated in 1957. In the same year, he enrolled 
at theM. S. University, Baroda, where he received a 
Diploma in Civil Engineering in 1961. Following graduation, 
he served in the Baroda Municipal Corporation for two years, 
and then, in theM. S. University Construction Division for 
seven years as an Overseer. 
He was enrolled as an undergraduate student at the 
University of Missouri - Rolla in June, 1970, and received a 
Bachelor of Science degree in Civil Engineering in December, 
1971. He then enrolled as a graduate student in Civil 
Engineering under a research assistantship from January 
1972 to March 1974. 
He is a member of the American Society of Civil 
Engineers and a student member of the Air Pollution Control 
Association. He is also an engineer-in-training in 
Missouri. 
He was married to Miss Shaila on May 26, 1969. 
240S34 
